Accumulation of radioisotope labelled transferrin in the lungs of guinea pigs was determined with an external detection system. The method is based on the intravascular and extravascular distribution of indium-113m labelled transferrin compared with the intravascular distribution of technetium-99m labelled red blood cells. Guinea pigs were given iloprost, a prostacyclin analogue and potent pulmonary vasodilator, and noradrenaline, a pulmonary vasoconstrictor, in an attempt to increase and decrease respectively the blood volume in the lungs. Neither agent altered transferrin accumulation in the lung by comparison with a saline infusion. Iloprost infused before and after oleic acid infusion reduced macromolecular leakage when compared with oleic acid alone. These data suggest that the double isotope method can distinguish between hydrostatic and injury induced pulmonary oedema. Guinea pigs were anaesthetised with ketamine (Ketalar 30 mg/kg body weight subcutaneously) and xylazine (Rompun 3 mg/kg intramuscularly) and maintained on ketamine 4 mg/ml Ringer solution infused at 3 0 ml/h. A single injection of xylazine (3 mg/kg intramuscularly) was administered 2-5 hours after the start of anaesthesia. The animals breathed spontaneously during the experiments. Body temperature was kept at 36-38°C by means of a rectal thermistor and a heating pad. Polyethylene catheters (diameter 0-96 mm outside, 0-58 mnm inside) were introduced into the left and right femoral arteries. A catheter was placed in the right internal jugular vein for the infusion of drugs. Carotid artery blood pressure was recorded with a Micro-Switch 156 PC transducer (Honeywell, USA) zeroed to the heart level. When needed, mepivacain (Carbocain 5 mg/ml) was added drop by drop to prevent vascular spasm during catheterisation. The catheters were flushed with heparinised saline (50 IE/ml saline).
The basis of external radioflux detection of isotope labelled plasma protein in the pulmonary circulation was Procedures previously used to answer these questions,' 910 such as whole blood transfusion and left atrial balloon inflation, are not applicable in the guinea pig because of its size. We therefore used pharmacological methods. Noradrenaline, a pulmonary vasoconstrictor that causes pulmonary hypertension,"1 increases pulmonary capillary pressure,'2 and reduces pulmonary vascular volume by causing predominant postcapillary vasoconstriction,'135 was used to induce hydrostatic oedema. Iloprost, a prostacyclin analogue and a potent pulmonary vasodilator, was used to increase lung blood volume." 16 The effect of iloprost on pulmonary oedema induced by oleic acid was studied to show whether the extemal detection of radioactivity could show changes in plasma protein accumulation in the lung.
Materials and methods
Thirty five male inbred albino guinea pigs (Dunkin-Hartley, conventionally bred) were used (Sahlins Farm, Malmo, Sweden). They weighed 895 (SD 145) g and were kept under a 12 hour daylight cycle, in 30-50% humidity, at 20-220C. The animals were housed two to a cage (19 x 34 x 56 cm), and they had free access to food (EWOS, Sodertalje, Sweden) and drinking water.
EXPERIMENTAL PROCEDURES
Guinea pigs were anaesthetised with ketamine (Ketalar 30 mg/kg body weight subcutaneously) and xylazine (Rompun 3 mg/kg intramuscularly) and maintained on ketamine 4 mg/ml Ringer solution infused at 3 0 ml/h. A single injection of xylazine (3 mg/kg intramuscularly) was administered 2-5 hours after the start of anaesthesia. The animals breathed spontaneously during the experiments. Body temperature was kept at 36-38°C by means of a rectal thermistor and a heating pad. Polyethylene catheters (diameter 0-96 mm outside, 0-58 mnm inside) were introduced into the left and right femoral arteries. A catheter was placed in the right internal jugular vein for the infusion of drugs. Carotid artery blood pressure was recorded with a Micro-Switch 156 PC transducer (Honeywell, USA) zeroed to the heart level. When needed, mepivacain (Carbocain 5 mg/ml) was added drop by drop to prevent vascular spasm during catheterisation. The catheters were flushed with heparinised saline (50 IE/ml saline).
RADIOACTIVITY MEASUREMENTS
Red blood cells were labelled in vivo with technetium-99m (half life 6-0 hours) and transferrin (molecular weight 76 000) was labelled in vivo with indium-I 13m (half life 100 min). An external dual probe scintillation detector system was used to sample the entire photon energy spectrum for both isotopes continuously. One scintillation probe was placed vertically over the heart at midsternal level and the other in the horizontal plane just caudal to the right shoulder. Both probes were collimated with lead ( fig 1) and registered activity from two conically shaped volumes in the chest. The collimators reduced radiation from surrounding tissues by 68-94%. The efficiency of sampling decreased with increas- ing distance from the detector (>600% reduction 2 0 cm into the thorax). The base of the "sampling cone" in the thorax was 15 mm in diameter 2 cm below the opening of the collimator for the energy level of 99"Tc. The calculated cone volume was smaller with the energy level of l"smIn. Thus the heart probe mainly sampled activity from the heart and the other probe mainly the right lung with a very small contribution from the heart. The areas under the four energy peaks were integrated and used for further calculations. Counts were collected for three minute periods for 3-5 hours.
To calculate the contribution of is3mIn radiation to the 99mTc peak, ll3mIn was injected 15 minutes before 99"Tc. Thirty As a measure of free oxygen radical activity, plasma concentrations of uric acid were measured spectrophotometrically (Abbott Biochromatic Analyser 100; A-GENTTM Uric Acid, Abbott Diagnostica Division). Whole blood (500 p1) was collected in 50 pl 388% citrate buffer at 0, 15, 30, 45, 60, 90, and 120 minutes in the group of animals having oleic acid and iloprost. The samples were immediately centrifuged and the plasma was frozen for subsequent analyses. The red blood cells of the same samples were washed three times with saline and kept at 4'C for up to 72 hours before determination of catalase activity.'8 Catalase activity was measured in red cell lysates by observing the decrease in absorbance at 240 nm of 30 mM H202. The decrease of absorbance per time unit is a direct measure of the catalase activity, which is expressed as the rate constant/g haemoglobin (K/g Hb).
DATA HANDLING All counts from 99mTc and lls3mIn were corrected for background radiation, physical decay, and channel overlap. Loss of activity through blood sampling was considered to be almost constant. The integrals of the four energy peaks were calculated by the multichannel analyser. Each data point was then calculated with the use of these integrals as follows:
ismlIn lung cpm/99mTc lung cpm ii3mIn labelled heart cpm/99"Tc heart cpm The activity ratios were plotted against time (5) 57 (7) 52 (3) 58 (7) 62 (9) Heart rate (beats/min) 177 (27) 181 (26) 179 (16) 1-5% ) ), and saline (79-9o (144%)).
EFFECT OF OLEIC ACID WITH AND WITHOUT ILOPROST
When iloprost was given with oleic acid transferrin accumulation (expressed as RLS x 10-3min-') in the lung was less (RLS 1-59) than after oleic acid alone (3-86; p = 0-026): see table 3. The first 60 minutes of infusion were used to control for the effects of iloprost alone. The changes in transferrin accumulation did not differ from those seen with saline.
During the oleic acid infusion period when iloprost was stopped temporarily transferrin accumulation increased significantly more (RLS 13-0) than in the group receiving oleic acid alone (3 86; p = 0-011).
The changes in blood cell counts and Pao2 did not differ significantly between the animals receiving iloprost and oleic acid and the group having oleic acid only except that the maximum fall in white blood cell count seen at 15 The plasma uric acid concentration did not differ significantly between the animals receiving oleic acid plus iloprost and those having saline but it was substantially higher in the group having oleic acid alone (table 4); this increase was significantly greater than the change after saline at 15 minutes (p < 0-01).
Red blood cell catalase activity fell in the iloprost group, the lowest value (58 2% (29*3%) of the initial value) being seen at 120 minutes.
Discussion
The absence of changes in transferrin accumulation in the lung after an infusion of noradrenaline or iloprost suggests that this index of permeability corrects for blood pool changes in the lungs. Noradrenaline was infused slowly to prevent endothelial cell damage from pressure effects. The unchanged heart rate indicates that little, if any, of the action of noradrenaline and iloprost is due to systemic effects. The high mean arterial blood pressure at the start of the noradrenaline infusion is likely to have led to compensatory mechanisms or tachyphylaxis as it returned towards baseline during the experiment despite the continued infusion. The low arterial pressure seen with iloprost stayed at the nadir level during the experiment, returning to baseline only after the end of the infusion. The infusion of iloprost alone to the guinea pigs in one of our groups served as an additional control for the stability of the transferrin accumulation measurements in the initial part of the study in the group receiving iloprost plus oleic acid, though the doses given to the two groups were different.
The increased pressure in the pulmonary circulation that would be expected from the noradrenaline infusion" 12 could have caused a protein poor hydrostatic oedema undetectable by the scintillation probes. We were unable to measure pulmonary wedge pressure to confirm the increased vascular pressure in the lung after noradrenaline infusion directly, but the trend towards increased lung water content supports the presence ofhydrostatic pulmonary oedema. This suggests that the permeability index we used is not influenced by changes in pulmonary blood volume or increased pulmonary microvascular pressure. These results are in accordance with reports that such external radioisotope measurements are specific for pulmonary oedema with increased protein permeability.4 Gorin et al' showed a close correlation between lymph protein concentration measured directly and external radioflux detection in sheep after bacteraemia and Sugerman et al,'9 using computerised gamma scintigraphy, showed that the lung:heart ratio of 99MTc labelled human serum albumin was significantly greater after oleic acid administration to dogs than the lung:heart ratio of`nTc labelled red blood cells. These studies confirm that external detection of radiolabelled protein detects lung injury and not oleic acid induced change in pulmonary vascular volume. The findings in these animal studies have been supported by clinical studies in which patients with adult respiratory distress syndrome were compared with patients with renal or cardiogenic pulmonary oedema.38 The results of these studies support the specificity of this method as shown in our small animal model.
The reduction in oleic acid induced macromolecular permeability seen when oleic acid was preceded by iloprost infusion confirms reports of studies using other methods.'6202' The transferrin accumulation rate was linear throughout the control experiments, and the stability of the transferrin accumulation after the infusion of iloprost alone shows that the decreased transferrin accumulation after oleic acid when given with iloprost is not artefactual. The favourable effects of iloprost after oleic acid injury may have been produced indirectly by the decreased pressure in the pulmonary circulation rather than from a direct effect on the pulmonary microvascular membrane, though prostacyclin may also be important in preserving the cellular integrity of 
